This study examined the separate and combined effects of stimulus valence and arousal on retrieval inhibition. Participants performed Anderson and Green's (2001) memory suppression task with stimuli varying across dimensions of valence and arousal. Memory was tested through free and cued recall as well as speeded recognition. Results showed that both stimulus valence and arousal influenced the extent to which participants successfully inhibited retrieval, but not in the ways anticipated. Specifically, the strongest inhibition effects were for highly arousing, pleasant words. In addition, unpleasant stimuli that were suppressed were better recalled during both cued and free-recall tasks than pleasant stimuli that were suppressed. Across all tests of memory performance, there were no significant differences between the experimental conditions for highly arousing, unpleasant words. The implications of these findings are discussed.
Despite the practical and ethical concerns related to studying such processes in controlled experiments, researchers have attempted to provide evidence for the possibility that human beings can intentionally prevent memories for situations or stimuli that they wish not to remember. In one of the more recent examples of such research, Anderson and Green (2001) examined whether or not participants could consciously suppress the retrieval of declarative memories. Using a memory retrieval task, participants were first trained to memorize 40 otherwise unrelated stimulus-response word pairs. Participants then performed a respond/suppress task in which half of the response words were to be thought about and said aloud ("respond" pairs) and the others were to not be thought about ("suppress" pairs) when their accompanying stimulus words were presented. The number of suppression or respond trials for each word varied from 0, 1, 8, or 16 trials. Participants were then tested on their recall of each item using both studied and novel cue words. As the authors predicted, recall memory for response words that participants inhibited was impaired compared with response words that were not actively inhibited. Further, the more often participants inhibited retrieval, the worse recall became. Specifically, suppressed response words were less likely to be remembered when they were seen as the maximum number of times (16) during the respond/suppress phase. They also found that forgetting was resistant to incentives for accurate recall. These results were subsequently replicated and extended in a follow-up study (Anderson et al., 2004) .
Compared with retrieval-induced forgetting or directed forgetting methods, the respond/suppress methodology may be the purest and most effective manner by which we can examine our ability to intentionally override unwanted memory retrievals in the laboratory. However, although the findings of Anderson and colleagues (2001, 2004) appear to provide evidence that it is possible to inhibit retrieval of previously learned material, there are at least two ways in which those studies could be extended. First, the extent to which the stimuli were encoded into memory is unclear, as participants were trained on the words until a minimum of only 50% of the words were remembered. Second, Anderson and colleagues did not assess the influence of stimulus valence and arousal on memory impairment. This is relevant because there is some reason to believe that emotional material may not be easily forgotten (e.g., Korfine & Hooley, 2000; McNally, Clancy, Barrett, & Parker, 2004; McNally, Clancy, & Schacter, 2001; McNally, Ristuccia, & Perlman, 2005; Power, Dalgleish, Claudio, Tata, & Kentish, 2000; Shipherd & Beck, 1999 , although research has found that some individuals (e.g., repressors) may indeed be able to inhibit retrieval under certain conditions (Myers, 2004; Myers & Brewin, 1994 , 1995 Myers, Brewin, & Power, 1998) .
Two recent studies used Anderson's respond/suppress methodology to examine the intentional forgetting of negatively valenced emotional associations. In the first study, Joormann, Hertel, Brozovich, and Gotlib (2005) found that depressed individuals were able to successfully forget negative material, although no such effect was observed for nondepressed individuals. In the second study, Depue, Banich, and Curran (2006) found that compared with neutral stimuli, associations involving negatively valenced words or pictures were more readily inhibited in the "suppress" condition and were more readily remembered in the "respond" condition. A more recent follow up study by Depue, Curran, and Banich (2007) showed that suppression of emotional memories is under the control of multiple areas of the prefrontal cortex. Importantly, however, these investigators did not disentangle the separate effects of stimulus valence and arousal on memory inhibition. Such a step is critical to understanding how emotion affects the inhibition of memory, as it has been demonstrated various times that emotional stimuli vary along these two primary dimensions (e.g., Lang, Bradley, & Cuthbert, 1990) and that these dimensions map onto behavioral dimensions of direction (approach and avoidance) and vigor (i.e., mobilization) advocated by a biphasic organization of emotional responses (Lang et al., 1990) .
In one of the first studies to have examined the relative effects of valence, arousal and their interaction on memory performance, Bradley, Greenwald, and Lang (1992) found that only the arousal dimension had a stable effect on memory performance for pictorial stimuli. Specifically, they found that stimuli that were rated as highly arousing were remembered better than low arousal stimuli. This effect was corroborated in a speeded recognition test, in which high arousal materials encoded earlier in the experiment produced faster reaction times than their low arousal counterparts. Valence affected reaction time only for pictures not encoded earlier. The authors interpreted these findings to suggest that whereas both valence and arousal are processed at initial encoding, memory performance is mainly affected by arousal. Other research has shown that negatively valenced arousal leads to enhanced memory for the most salient or central aspects of the stimulus or event, even when attention to the stimulus is minimized (Burke, Heuer, & Reisberg, 1992; Cahill & McGaugh, 1998; Christianson, 1992; Heuer & Reisberg, 1990; Kern, Libkuman, Otani, & Holmes, 2005; Libkuman et al., 1999 Libkuman et al., , 2004 .
One limitation of the memory inhibition studies conducted by Anderson and colleagues, Depue et al. (2006 Depue et al. ( , 2007 , and Joormann et al. (2005) is that only participants' recall was tested. Other research has suggested that the inhibitory control processes in the Anderson protocol might also be assessed using measures of recognition memory. For example, Hicks and Starnes (2004) conducted two studies using the retrieval-induced forgetting paradigm in which they discovered evidence that retrieval inhibition is apparent in tests of stimulus recognition. Although these results were corroborated by additional work on retrieval-induced forgetting (e.g., , findings from other research have suggested that recognition tests may be less affected than recall tests by other forms of retrieval interference (e.g., directed forgetting; Anderson & Bjork, 1994; MacLeod, 1999) . Importantly, Anderson (2005) has suggested that the retrieval-induced and directed forgetting tasks are quite dissimilar in terms of their degree of intentionality (low vs. high, respectively) and level of representation at which inhibition occurs (item level vs. context level, respectively) and that such differences might explain the differences in effect between recall and recognition tests. He also suggested that the respond/suppress methodology is more similar to the retrieval-induced forgetting task in that its degree of intentionality is intermediate and it occurs at the item level of representation. Finding group differences in retrieval inhibition on a recognition test using the respond/suppress methodology would provide evidence for Anderson's suggestions about the nature of the task.
In the current study we examined the separate and combined effects of stimulus valence and arousal on retrieval inhibition using performance on both stimulus recall (free and cued) and recognition tests as dependent variables. Stimuli came from a set of words with standardized arousal and valence values (Bradley & Lang, 1999) , and covered three levels of arousal and two levels of valence. Consistent with previous work (e.g., Bradley et al., 1992; Depue et al., 2006 Depue et al., , 2007 Kensinger & Corkin, 2003) , we hypothesized that retrieval inhibition would be influenced by stimulus valence, stimulus arousal, instructional set and the number of word repetitions during respond/suppress trials. Specifically, we expected that negatively valenced words with low arousal values that were seen more frequently would be more easily suppressed. We also expected that increases in word repetitions would impair suppression efforts for moderate and high arousal words. In line with Anderson (2005) , we hypothesized that the effects of suppression efforts would be as apparent in tests of stimulus recognition as they would in tests of stimulus recall.
Method

Overview
The respond/suppress task consisted of three separate phases. During the training phase, participants learned word pairs that consisted of a stimulus and response word. The stimulus was an emotionally neutral word while response words varied along valence and arousal dimensions. At the end of the training phase, participants were tested on their knowledge of the word pairs. The stimulus words were presented and the participants were asked to recall the associated response words; feedback was provided. In the proceeding respond/suppress phase, participants were asked to either think about or not think about the response words when the associated stimulus word was presented on a computer screen. Stimulus words that were presented in green indicated that the associated response words should be thought about, and stimulus words that were presented in red indicated that the associated response word should not be thought about. Stimulus words were either presented 1, 8, or 16 times during this phase. Stimulusresponse pairs were counterbalanced and randomized across the respond/suppress conditions as well as number of stimulus presentations. Respond and suppress words were balanced for ratings of valence and arousal. In the testing phase, participants' memory for each response word was tested in a variety of ways.
Participants
Participants were 29 undergraduate students at a large public university in the Northeastern United States who participated in exchange for course credit. They were recruited through posted online notices for a study entitled, "Inhibition of Attention."
The mean age of the sample was 18.59 years (SD ϭ 1.22) and 90% of participants were female. Before participation, all individuals were screened and excluded from participation if they reported a history of attention deficit-hyperactivity disorder. Further, individuals who reported having less than 5 hours of sleep the night before participation were not allowed to participate and rescheduled for another time when they would not be sleep deprived.
Materials
Stimuli. Seventy-two words were selected from the Affective Norms for English Words (ANEW; Bradley & Lang, 1999) . This system contains words that vary with respect to ratings for valence and arousal on a 9 point scale (for valence 1 ϭ pleasant, 9 ϭ unpleasant; for arousal 1 ϭ low arousal and 9 ϭ high arousal). Words with valence ratings below 4.0 (on a 9-point scale) were eligible for the pleasant category (M ϭ 2.10), between 4.0 and 6.0 for the neutral category (M ϭ 5.08), and above 6.0 for the unpleasant category (M ϭ 6.86). Words with arousal ratings below 4.0 were eligible for the low arousal category (M ϭ 3.18), between 4.0 and 6.0 for the moderately arousing category (M ϭ 5.14) and above 6.0 for the high arousal category (M ϭ 7.38). Half of the words used in this study were affectively neutral and these words served as the stimulus word for each of the word pairs. The other half of the words varied with respect to valence and arousal dimensions. Importantly, words that were chosen as response words were those that fell into several discrete categories: low arousal/pleasant, low arousal/unpleasant, moderate arousal/ pleasant, moderate arousal/unpleasant, high arousal/pleasant and high arousal/unpleasant. Response words were evenly distributed among these categories. Pleasant and unpleasant words were chosen so that they were close to the extremes on the continuum but that as groups, on average, they were equidistant from the midpoint of the valence scale. High and low arousal words were also selected such that they did not differ as a group from their distance from the midpoint of the arousal scale. The groups of words did not differ significantly in word length or frequency, ps Ͼ .05. We also used the University of South Florida associated norms (Nelson, McEvoy, & Schreiber, 1998) to limit the number of forward and backward associations within and between the word lists. Ten affectively neutral filler word pairs were selected from the same pool and criteria for use in the training and respond/suppress phases of the experiment. Further, 25 distracter words were selected from the ANEW set to be used during the speeded recognition portion of the testing phase. The stimulus and response members of each word pair had a weak preexperimental relationship and were unrelated to words in other pairs (see Appendix for word pairs used in the respond/suppress phase).
Procedure
All phases of the experiment were conducted using STIM stimulus presentation software from James Long Company (2005, Version 7.695). The procedure was adapted from Anderson and Green (2001) and the experiment lasted 90 to 120 minutes.
Training phase. Following consent, all participants were trained on the 36 critical and 10 filler word pairs. The word pairs were exposed individually for 5 seconds in the center of a computer screen with the response word presented to the right of the stimulus word. Participants were seated approximately three feet away from the computer screen with a microphone on a stand next to their chair. The word pairs appeared in a randomized order. Test-feedback cycles followed in which participants were presented with the stimulus member of the word pair and asked to say the correct response word aloud into the microphone as quickly as possible. The correct answer was given visually for 2 seconds if the response was incorrect. Unlike previous studies using this methodology, all participants received three test-feedback cycles on all pairs. This was done to ensure encoding of stimuli. At the end of the test-feedback cycles, any participant who recalled less than 50% of the word pairs correctly did not continue to the next phase of the experiment. All participants were able to achieve the 50% retention criterion and continued to the next phase. For these individuals the actual mean percentage of words retained was 67%.
Respond/suppress phase. At the beginning of this phase, participants were presented with 18 stimulus words without their response pairs and told that they were to suppress the response words associated with these stimuli. For the other 18 stimulus words, they were told to remember the response words associated with these stimuli. Participants familiarized themselves with the stimuli so that they could identify them during suppression trials and prevent the associated memory. Before the suppression trials with the critical word pairs, the participants received some practice on the suppression task using the filler word pairs. Participants were then given trials in which remember and suppress stimuli words were randomly intermixed. On each trial, a fixation cross appeared for 200 ms, followed by a stimulus member in the center of the screen. Stimulus words appeared in either red or green font, centered on a white background. Participants were instructed to avoid saying or thinking about the response words associated with red stimulus words. Participants were told to say out loud the correct responses to stimulus words appearing in green font, as they had done in the training phase. For remember trials, the stimulus was presented until the participant said aloud in the response word, for up to 6 seconds. For suppression trials, the stimulus remained on the screen for 6 seconds while the individual tries not to think about the response. Participants were asked to read and fully comprehend the stimulus word and to stay focused on it for the entire 6 seconds presentation time but avoid thinking about the associated response word. To increase the need to recruit inhibitory control mechanisms, we required participants to fixate on the stimulus word for the entire time that it appeared on the screen. The instruction emphasized that it was important that participants prevent the response word from entering consciousness at all and they should not think about the response word while looking at the stimulus word, even after the stimulus word had gone off the screen. If a participant said the response word during a suppression trial, a loud beep sounded to signal an error. Trials were separated by a 400-ms intertrial interval. Suppression and respond trials were conducted for different word-pairs, with six pairs participating in 1, 8, and 16 repetition conditions for both remember and suppression conditions, respectively.
Testing phase. We then tested participants' memory for all the word pairs in several ways. First, we simply asked participants to write down as many response words as they remember from the learning phase on a sheet of paper. In an effort to promote recall, we offered participants 10 cents for each word correctly remembered. Next, participants were instructed to recall all response words through cued recall. Specifically, the stimulus word of each word pair was presented to participants in the center of the computer screen for up to 6 seconds, or until participants said the response. Each stimulus word appeared in black font on white background. Participants were asked to recall the studied item and not to withhold. Finally, participants were given a speeded recognition task in which the response word of each word pair was presented in a blue font on a black screen. Participants used a button press to indicate as quickly as possible whether or not the word on the screen had been seen before. During this task, the word was displayed on the screen until the participant made a response.
Results
Preliminary Analyses
As an initial question it was determined whether the repeated presentation of stimuli in the suppress condition led to poorer recall of items, since this would affect the structure of further analyses. The repetition component of the experimental design was included based on the prior work of Anderson and Green (2001) , which showed that decreased recall of to-be-suppressed words was associated with increased levels of repetition in the respond/ suppress phase. Based on this finding, one prediction in the current study was that recall and recognition of words that had been presented 16 times in the suppression condition would be significantly worse than words that were only presented once in the same condition. However, a linear contrast of recall and recognition across the 1-, 8-, and 16-repetition conditions did not reveal a systematic effect of repetition during training for words in the suppress condition. For instance, for the cued-recall and speeded recognition measures, a significant reduction in recall or recognition between 1 and 16 presentations in the suppress condition was only observed for one of the six combinations of valence and arousal (pleasant, moderate arousal words). For free recall of items in the suppression conditions, mean recall of words after 16 repetitions was not significantly lower than recall after one repetition for any of the six combinations of valence and arousal. Because of the lack of decrements in recall and recognition with increasing repetition of words. The number of presentations was not included as a factor in further analyses.
An additional preliminary analysis examined the rate of false positive identification in the speeded recognition task. Across the 25 previously unseen (filler) words, the proportion of words identified by participants as being previously displayed was .015 (SD ϭ .027, n ϭ 29 participants). Another way of expressing this is that participants correctly identified new words as being previously unseen on 98.5% of trials involving filler words. Given this extremely low rate of false positives, the speeded recognition data for the target words were not adjusted for the false positive rate.
Primary Analyses
The main analyses consisted of four repeated measures ANOVAs, one for each dependent measure (the proportion of words recalled in the cued-recall task, proportion of words recalled in the free-recall task, proportion of words correctly recognized in the speeded recognition task, and reaction time during the speeded recognition task). The within-subjects factors in each ANOVA were stimulus valence (pleasant, unpleasant), arousal level of the stimulus (low, medium, high) and the instruction condition (suppress, respond). The results of each ANOVA are given in Table 1 . Although all main effects were qualified by interactions, it is notable that there was a significant overall main effect of instruction (respond vs. suppress) for all three dependent measures. Examination of the means indicated that recall and recognition were significantly worse for words in the suppress condition compared with the respond condition.
Statistically significant interaction effects that involved the instruction (respond vs. suppress) condition were of particular interest in each ANOVA. These specific interaction effects are discussed below for each dependent measure. Other main effects and interactions are either qualified by further interactions or are less theoretically relevant, and are not discussed further.
Cued recall. Although the three-way interaction between arousal, valence, and instruction was not significant, the interactions between instruction condition and arousal and instruction condition and valence both reached statistical significance. The means and post hoc tests from these interactions are shown in Figure 1 . In following up the interaction involving instruction and arousal, significant differences were found between the respond and suppress conditions for all three levels of stimulus arousal level. However, the interaction effect stems from the fact that the magnitude and effect size of the respond/suppress difference in recall was smallest for the low arousal condition and largest for the high arousal conditions. For the interaction involving valence, there were significant differences between suppress and respond conditions for both pleasant and unpleasant words. However, the interaction between instruction condition and valence appears to result from the increased magnitude and effect size of the respond/ suppress difference for pleasant words compared with unpleasant words. Free recall. The highest level of interaction involving instruction for the free-recall measure was the three-way interaction of arousal ϫ valence ϫ instruction. The origin of this interaction can be seen in Figure 2 , which shows means across all combinations of conditions together with post hoc comparisons of the respond and suppress conditions. For pleasant words, the difference in recall between the suppress and respond conditions was significant (or approached significance) across all three arousal levels. However, the magnitude, significance level, and effect size of this difference was greatest for the high arousal condition. In contrast, for unpleasant words there were no significant differences between the instruction conditions across all three arousal levels.
Speeded recognition. As with free recall, the highest level of interaction involving instruction for the speeded recognition measure was the three-way interaction of arousal ϫ valence ϫ instruction. The means for each condition as well as the results of post hoc tests for this dependent measure are shown in Figure 3 . For speeded recognition of pleasant words, a significant difference between the respond and suppress conditions was only found for the high arousal words and not for the low and medium arousal conditions. This is in contrast to the pattern for unpleasant words, where a significant difference was found between the respond and suppress conditions for low arousal words, but no significant difference was found between the instruction conditions for the medium and high arousal words.
Speeded reaction time. The reaction time measure for the responses in the speeded recognition task revealed a similar pattern as for the proportion of words correctly recognized in the same task. Once again, the highest level of interaction involving instruction was the three-way interaction of arousal ϫ valence ϫ instruction. The means for each condition are shown in Figure 4 . For reaction time to respond to pleasant words, a significant difference between the respond and suppress conditions was only found for the high arousal words and not for the low and medium arousal conditions. For unpleasant words, a significant difference was found between the respond and suppress conditions for low arousal words, but not for the medium and high arousal words.
Discussion
Similar to the original findings of Anderson and colleagues, our results suggest that the formation of unwanted explicit memories can be intentionally inhibited. Importantly, our results extend these findings by showing that stimulus-specific characteristics may influence the ability to perform such tasks. Specifically, our results show that stimulus valence and arousal appear to be important influences on our ability to purposely inhibit the recall and recognition of previously encoded information. Depue et al. (2006) suggested two possible hypotheses for the effect of emotional valence on task performance in the Anderson respond/suppress paradigm. One hypothesis stated that heightened encoding of emotional information would result in poorer suppression of associations involving emotional material as indexed by better recall of associations involving emotional stimuli than associations involving neutral stimuli. An alternative hypothesis stated that greater cognitive control can be exerted over associations involving emotional material, in which case suppression effects would be stronger for emotional versus neutral material. Comparing negatively valenced to neutral stimuli, Depue et al. (2006) supported the latter hypothesis, with associations between negatively valenced words and pictures and neutral cues being less readily recalled than associations between neutral words or pictures and neutral cues. As we compared unpleasant with pleasant words in this study (instead of with neutral words), our finding that unpleasant stimuli that were suppressed were better recalled during both cued-and free-recall tasks than pleasant stimuli that were suppressed may be consistent with a modified version of Depue et al.'s (2006) first hypothesis which states that only negative emotional information are elaborated in memory and, thus, less easily suppressed than positive emotional information (e.g., Kensinger & Corkin, 2003) . This hypothesis is consistent with findings from other studies showing that negative emotional states lead to more effortful processing than positive emotional states (Clore, Schwartz, & Conway, 1994) and that memory for negative stimuli decreases when a distractor task is given during intervals between stimuli (Libkuman, Stabler, & Otani, 2004) . It is also consistent with the notion that negative stimuli are chosen over positive stimuli because of their more immediate adaptive value (Libkuman, Stabler, & Otani, 2004) .
During the free-recall task, we found this valence effect across all levels of arousal. For associations involving stimuli with positive valence, participants were more readily able to recall these stimuli in the suppress versus respond conditions. This was one of the results reported here which ran contrary to our expectations. Our results are also contrary to the findings of Bradley et al. (1992) who found no effect for stimulus valence on memory performance. Perhaps our results for valence differed from those reported by Bradley et al. (1992) because they used pictorial stimuli whereas we used words as stimuli. Our findings also differ from the two studies that have examined emotional valence in Anderson's suppress/respond paradigm. Joormann et al. (2005) did find an effect for stimulus valence on memory suppression among depressed participants, but they found no effect for stimulus valence among nondepressed controls. Perhaps their results differed from ours because they used a community sample whereas we used an undergraduate sample. As already noted, Depue et al. (2006) found that negatively valenced stimuli were more readily suppressed than neutral stimuli, which is also in contradiction to our findings. One possible explanation for these differences in findings is that our word sets were of extreme arousal levels (low and high) whereas the stimuli of Depue et al. (2006) were all of a moderate arousal level. Finally, it is notable that Bauml and Kuhbandner (2007) found a tendency for participants to show increased retrieval- induced forgetting when in a positive mood, and decreased forgetting when in a negative mood. Although this study differs from ours in that it examined the recall of neutral information in various induced mood states, rather than manipulating the valence of the memory stimuli, it is notable that the pattern of findings is much more consistent with our own results than are the above-mentioned studies.
Our differential findings for positively and negatively valenced stimuli raise an additional question concerning how positive and negative valence may alter information processing to influence the intentional suppression of associations involving emotional material. In terms of the differential processing of positive and negative stimuli, there is an extensive literature that has examined the impact of individual differences in mood states on memory. Part of this work has focused on how individual motivational biases may affect the allocation of attention, which may in term lead to differential encoding of positive versus negatively valenced emotional stimuli (Derryberry & Tucker, 1992) . There may be differences in the way attention is allocated between positively and negatively valenced emotional stimuli, which may result in differential processing of these stimuli at a variety of possible levels (Levine & Pizarro, 2004) . Particularly relevant to our study are findings that positive mood states interfere with memory recall (e.g., Worth & Mackie, 1987) . Additionally, stimuli of different emotional valence may vary in how much their processing relies on analytic versus heuristic biases. For instance, individuals in a positive mood state tend to overly rely on rapid, heuristic processing and show little reliance on more analytic, systematic processing of information (Isen, 1984) . Both of these factors may have contributed toward the relative ease with which our participants were able to suppress associations involving positively valenced information.
We also found that arousal did influence performance on all memory tasks, but not in the way that we anticipated. Because other research has found that arousal strengthens memory (e.g., Bower, 1994; Bradley et al., 1992; McGaugh, 2003; , we expected that stimuli with greater arousal values would be better recalled and recognized, even when participants were asked to suppress these words. This hypothesis was partially supported, as high arousal words assigned to the respond condition were better recalled and recognized than other words assigned to the respond condition with lower arousal values. Further, high arousal unpleasant words in the suppress condition were just as likely to be recalled and recognized as the high arousal unpleasant words that were in the respond condition. However, high arousal pleasant words in the suppress condition were significantly less likely to be remembered than high arousal pleasant words in the respond condition during both free recall and speeded recognition. In fact, the strongest suppression effects were for highly arousing, pleasant words (see Figures 1, 2, and 3) . Previous research has shown that while highly arousing stimuli facilitate encoding, nonarousing positively valenced stimuli may be less likely to be elaborated upon during encoding in memory (see Kensinger, 2004) and, as a result, perhaps less well remembered than nonarousing negatively valenced stimuli. In this context, our results could suggest that encoding and accompanying elaborative processes may play more of a role in memory inhibition than previously thought (e.g., Anderson, 2005) , with highly arousing positive stimuli being the most susceptible to intentional suppression efforts as they may be encoded but less elaborated upon in memory. To our knowledge, this is the first study that has tried to disentangle the effects of stimulus valence and arousal on the intentional inhibition of memory. The previous studies by Depue et al. (2006 Depue et al. ( , 2007 and Joormann et al. (2005) did not vary stimulus arousal, and memory was only tested using one assessment method (cued recall). Clearly, the nature of the relation between these stimulus specific characteristics and purposeful inhibition of memory is complex and these results suggest that further research is needed to fully determine the nature of these relations.
Before the study, we expected to find similar results for the speeded recognition and recall tasks. Our expectation was generally met in that we found a main effect for suppression, such that the proportion of words remembered for the recognition task was higher for the respond condition than the suppression condition. Moreover, arousal and valence did appear to have a moderating effect on recognition ability, such that high arousal pleasant and low arousal unpleasant words in the respond condition were better recognized than words with similar arousal and valence characteristics in the suppression condition. Interestingly, the results for recognition latency mirrored the results of recognition accuracy, such that participants took significantly longer to recognize high arousal pleasant and low arousal unpleasant words in the suppress condition than words with similar arousal and valence characteristics in the respond condition. Recognition memory is believed to entail two separate, qualitatively different psychological processes, recollection and familiarity (Yonelinas, 2002) . Compared with recollection, familiarity is a fast, automatic, signal-detection-like process that is sensitive to perceptual manipulations. Recollection depends on the hippocampus and frontal lobes whereas familiarity relies on separate temporal lobe regions and possibly some frontal lobe regions. Thus, in all likelihood, our recognition latency variable assessed familiarity whereas the proportion of words remembered correctly assessed recollection. If that is accurate, then these results not only confirm that inhibition is possible on recognition tests but also suggest that both subprocesses are affected. These results also lend support to Anderson's (2005) hypotheses that the respond/suppress task is more similar to the retrieval-induced than the directed forgetting task in terms of their degree of intentionality and level of representation. Finally, they also provide evidence that the impaired memory performance seen during recall is because of retrieval inhibition and not poor encoding.
One of our most surprising findings was that the effects of suppression were not consistently influenced by the number of times the words were presented during the respond/suppress portion of the procedure. In other words, unlike other researchers, we did not find consistent evidence that repetition strengthens memory performance (McGaugh, 2003; . Furthermore, unlike Anderson and colleagues (2001 , Depue et al. (2006 , and Joormann and colleagues (2005) , we did not find consistent evidence that repetition strengthens intentional suppression efforts.
Although it is not easy to discern much meaning from some of the specific findings across all of the memory tests noted here, one finding is clear and needs further discussion. Specifically, across all tests of memory performance, we found no significant differences between the respond and suppress conditions for high arousal unpleasant words. These results may be important in that they might provide an answer to the question of whether or not we are capable of intentionally suppressing memories of highly unpleasant and intense experiences, such as childhood trauma. The answer to this question has become quite controversial, as mental health professionals and scientists have debated over whether or not it is possible for trauma survivors to actively forget their trauma episodes (see Erdelyi, 2006 and all associated commentaries; McNally, 2003) . The results of this study suggest that any forgetting of highly arousing and unpleasant stimuli or experiences that does occur may not be the result of intentional efforts to do so, but instead may simply be the result of normal forgetting that occurs over time. However, we need to be cautious when interpreting the current results in this fashion because traumatic phenomena (i.e., experiences that are life threatening and terrifying) are qualitatively different than the stimuli used in this experiment. As such, traumatic experiences may be either more or less subject to the processes examined here.
